Context Fermented soybean products have been used in various ways, and more research is being conducted on them to reveal their benefit. Objective The objective of this study was to evaluate the antioxidative activity of fermented soybean meal extract by Lactobacillus plantarum in vitro and in vivo tests. Materials and methods A Lactobacillus plantarum strain RM10 was selected through plate and fermentation experiment, which increased the degree of protein hydrolysis (1.015 μg/mL) and antioxidant activity in soybean meal fermented by selected bacteria (FSBM). In vivo study was done on septic rats as an inflammation/infection model, and then the trial groups were treated with different concentrations of fermented soybean meal extracts (FSBM, 5, 10, and 20%).
Introduction
It is proven that plant proteins can be alternatives to proteins from animal sources for human nutrition. Soybean meal is the most important source of protein, because of its low price, the security of supply, and good reasonable amino acid profile that can be used as supplements or even as a medicine (Erickson 2015) .
Active peptides in fermented foods have benefit human health, and fermented soybeans contain several biological active peptides with hormone-like effects such as antihypertensive, antioxidant, immunomodulatory, and antimicrobial activities (KIM et al. 2004; Hayes and García-Vaquero 2016; Sanjukta and Rai 2016; Yang et al. 2019) . Fermented soybean meal by mixed microorganism exhibits probiotic properties and can be as an alternative for antibiotics (Jazi et al. 2018) . Lactic acid fermentation improved the nutritional value and eliminated antinutritional factors and indigestible carbohydrates from soy bean meal (Refstie et al. 2005) . Frias et al. (2008) showed that Lactobacillus plantarum can break down proteins in soybean flour and can use available proteins as nutrient sources during fermentation. In the light of the increasing demand for natural antioxidant resources, investigations at assessing the antioxidant tests in vivo condition are needed.
There are different types of animal models for inflammation/ infection disease known as sepsis, but the cecal ligation and puncture (CLP) resembles the progression and characteristics of human complex immune responses during sepsis. Therefore, CLP is one of the most frequently used procedures to induce experimental sepsis as an inflammation/infection disease in laboratory animals (Dejager et al. 2011) . Sepsis is caused by gram-negative and gram-positive bacteria, viruses, fungi, and parasites. The tissue damage caused by extreme inflammatory response to infections, and lungs are one of the common locations for infection leading to the development of multiple organ dysfunction and possible death (Gerin et al. 2016) .
The purpose of this study was to isolate Lactobacillus sp. in order to improve the production of fermented soybean meal (FSBM) by using Lactobacillus sp. as well-known probiotic organisms. The microorganisms was evaluated and selected by the ability of the protein hydrolysis. Then, the soybean meal was fermented by selected bacteria (Lactobacillus plantarum strain RM10), and the antioxidant potential of the fermented soybean meal extract was investigated by determining its radical scavenging and metal ion chelating properties. Furthermore, as a novel study, the antioxidant activity of the fermented soybean meal extract was evaluated in the inflammation/infection model by determining biochemical and gene expression assays in their lungs.
Materials and methods

Isolation and identification of bacterial stain
Lactobacillus plantarum with the highest protease activity was isolated from raw unpasteurized cow milk. The samples were collected under aseptic conditions in a sterile screw cap tubes. Milk samples were enriched in De Man Rogosa Sharpe (MRS) medium and incubated at 37°C for 72 h. To screen the protease activity, the isolates were plated onto skim milk agar (containing nutrient agar and 1.5% skim milk powder). The clear zone diameter was measured in order to reduce the number of further tested isolates. Then, isolated colonies with highest protease activity were picked from MRS agar plate and transferred to MRS broth for identification of the Lactobacilli by 16 s rRNA gene according to Kumar and Murugalatha (2012) .
According to the previous studies, high protease activity can be achieved in the beginning of the exponential growth phase (Wang et al. 2010) . To determine the exponential growth phase, the bacteria were cultured in MRS broth at 37°C for 48 h. Sampling was carried out every 4 h interval, and the optical density (OD) of samples was measured at 600 nm. The proteolytic activity of bacterial cells was carried out at 5, 10, 15, and 20 h according to the method of Kunitz (1947) in order to determine the best time of induction of bacteria to solid-state fermentation substrate.
Fermentation of soybean meal and its quality determination
Fermented soybean meal (FSBM) was prepared using the selected bacteria with high proteolytic activity. Our results from a previous research in our laboratory showed that the optimal solid-state fermentation conditions of soybean meal with Lactobacillus plantarum were as follows: (1) autoclaved soybean meal with 60% water content, (2) putting to a 30-cm thick tank, (3) addition of bacteria at 15 h of bacterial culture (according to the result of growth curve), (4) incubation at 30°C for 72 h, and (5) drying at 60°C. The fermented soybean meal extract was prepared with 10 g of dried fermented soybean meal and 100 ml of distilled water, and then the mixture was centrifuged at 10000 × g for 20 min and filtered through a 0.45 μm membrane filter. There were 3 replicates for each test, and the control group was defined as a autoclaved soybean meal with 60% water content without inoculation of bacteria.
Degree of hydrolysis was determined by using orthophthalaldehyde (OPA) according to Silvestre et al. (2013) . Briefly, 10 μL of the sample was mixed with 3.4 mL of the OPA reagent, and mixture was allowed to stand at 25°C for 2 min. Then, the absorbance was measured at 340 nm.
Hydrolysis of soybean meal protein (before and after fermentation) was analyzed by using electrophoresis of SDS-PAGE according to Chen at al. (2015) . Twenty-four micrograms of protein of samples were diluted with 6 μg tricine sample buffer and boiled for 5 min before loading. The gel was run in 130 V for 100 min, and fixed with 40% methanol and 10% acetic acid for 30 min, and then stained with BioSafe Coomassie G250 (Biorad Laboratories, Hercules, CA) and destained with 10% acetic acid for 30 min on shaker. The gel was washed with deionized water and then the gel picture was observed.
To determine the antioxidative activity of fermented soybean meal, the scavenging activity was measured based on diphenyl-b-picrylhydrazyl (DPPH) radical scavenging according to the method of He et al. (2012) . Briefly, 2 mL of each sample in methanol was mixed with 2 mL of methanolic solution containing DPPH radical (final concentration of DPPH was 0.1 M). The mixture was shaken and left in the dark for 30 min (at room temperature), and then the absorbance at 517 nm was measured.
Metal ion-chelating activity of fermented soybean meal was carried out using the method of Chen et al. (2012) based on chelation of Fe 2+ activity. Each sample solution (0.5 mL) was added to 1 mL of FeCl 2 (20 μM) and 1 mL of 0.5 mM ferrozine. After mixing, the reaction mixture was incubated at 25 o C for 20 min, and then the absorbance was read at 562 nm.
Animal trial
Male 9-12-week-old Wistar rats (Pasteur Institute, Tehran, Iran) were used in this study. All the animals were housed in a standard environment (temperature, 22 ± 1°C; humidity, 50 ± 1%; light/dark cycle, 12/12 h) and given rat chow and water ad libitum. Sepsis was induced by cecal ligation and puncture (CLP) model as described in our previous study . The obtained fermented soybean meal (FSBM) using selected bacteria and its extract was diluted into various concentrations (20, 10, and 5%) in distilled water and used orally in 12 h intervals. In this study, the range of 5-20% was selected referring to low concentration in bioactive peptides and human daily soy protein intake. Some studies showed that bioactive peptides in low concentrations can be more effective than high concentrations. For example, Yang et al. (2009) showed that marine oligopeptide from chum salmon with dose of 0.22 g/kg/body weight could be more effective in immune stimulants by enhancing the capacity of lymphocyte proliferation and natural killer cell activity and may strengthen the immune response of its host compared to the dose of 0.45 and 1.35 g/kg/body weight. In addition, Umayaparvathi et al. (2014) reported that bioactive peptide isolated from oyster at a concentration of 1 mg/ml exhibited a strong antioxidant potential. Also, soy protein consumption across different human populations was reported ∼30 g in Japan, 20 g in Korea, 7 g in Hong Kong, 8 g in China, and < 1 g in the United States (Nagata 2000; Xiao 2008 ).
The trial groups were designed as follows:
1. Control group (CO): without any surgery and treatment.
2. Laparotomy group (LAP): the cecum was minimally handled without ligation and puncture due to a combination of the effect of anesthesia, laparotomy, mobilization of abdominal contents, and postoperative analgesia (Brooks et al. 2007 ). 3. Cecal ligation and puncture group (CLP): with sepsis induction but without treatment. 4. Treatment group 1 (5%): with sepsis induction and treatment with 5% fermented soybean meal. 5. Treatment group 2 (10%): with sepsis induction and treatment with 10% fermented soybean meal. 6. Treatment group 3 (20%): with sepsis induction and treatment with 20% fermented soybean meal.
After 48 h, the rats were euthanized and lungs were collected for further analysis.
Biochemical assays
Measurement of MDA level
The malondialdehyde (MDA) level, as index of lipid peroxidation, was determined using MDA assay kit (Teb Pazhouhan Razi (TPR), Tehran, Iran) as previously described by Hosseinzadeh et al. (2019) . The absorbance was read at 532 nm. Results were stated as nmol/mg of protein.
Measurement of MPO activity
MPO activity was assessed by myeloperoxidase assay kit (Nampox TM ) at 450 nm. The MPO activity was expressed as μmoles/min/ml or mg protein.
Measurement of GSH level
GSH level was estimated in lung homogenate by procedure of Hillegass et al. (1990) . The absorbance of samples was quantified at 412 nm. The GSH content was calculated based on the nmol/mg protein.
Measurement of gene expression by real-time PCR
RNA extraction was performed according to the RNA total kit (Bio Basic Inc., Canada). Complementary DNA was transcripted from total RNA by using PrimeScript TM RT reagent kit (Takara Bio Inc., Japan). Real-time PCR reactions were performed using SYBR Green PCR Master Mix (QIAGEN, Germany) with Rotor-Gene Q system (QIAGEN, Germany). The fold changes in selected genes were calculated by the formula 2 -ΔΔCt . The ΔCt was calculated by subtraction of the GAPDH Ct (as a reference gene) from each sample Ct. Sequence of each primer is shown in Table 1 .
Statistical analysis
The results were statistically analyzed using one-way ANOVA test. Statistically significant differences required that P < 0.05. All the experiments were done in triplicate and standard deviation was calculated.
Results and discussion
Determination of bacterial strain and growth rates
To reduce the number of isolates for identification, gel diffusion method was used onto skim milk agar. The results showed that the each isolate had different activity levels (Table 2 ). According to this result, it was assumed that RM10 had higher protease activity due to wider clear zone (2.2 cm). Therefore, isolate RM10 was then selected for identification by using 16 s rRNA gene. The data from 16 s sequencing analysis showed that RM10 isolate was the most similar (99%) to Lactobacillus plantarum subsp. plantarum strain nF1-FD (NCBI GenBank acc. no, CP025285.1). Screening of efficient strain for fermentation of soybean meal reported using protein plate method for isolation of B. subtilis BS12 (Zhang et al. 2018) . As Lactobacillus plantarum is frequently isolated from food products and is widely used for the industrial production of fermented food (Isa and Razavi 2017) , the aim of this study was isolation of lactic acid bacteria for efficient fermentation of soybean meal.
The growth curve of RM10 showed that bacteria are in the middle of the exponential growth phase at 8 h after culture (Fig. 1) . To determine the best time induction of bacteria for solid-state fermentation, the proteolitic activity was determined in different times in bacterial culture. The maximum proteolytic activity of Lactobacillus (3.27 U/ml) was obtained at 15 h, while at 5, 10, and 20 h, the proteolitic activity was 1.13, 2.5, and 3.01, respectively. Since, metabolic activity of bacteria is high in exponential growth (log) phase, protease production in media with high concentration of protein begins in the logarithmic growth phase (Blackburn 1968 ). In other words, bacteria in the middle of exponential growth are the most active for production of primary metabolites, such as amino acids, enzymes, vitamins, organic acids, and alcohol (Singh et al. 2017) , so the best time of induction of bacteria with high proteolytic activity into soybean meal was 15 h after culture when the bacteria were in the middle of the logarithmic growth phase.
Preparation of fermented soybean meal and quality tests
As mentioned above, the soybean meal was fermented with RM10, and then its extract was prepared for further analysis. The results from SDS-PAGE showed that fermentation using RM10 decreases protein weight (Fig. 2a ), and also, Fig.2b confirmed that fermented soybean meal had the highest degree of protein hydrolysis (1.015 μg/ml) compared to control test (0.577 μg/ml) that was autoclaved soybean meal without fermentation. Some studies investigated changes in the soybean meal protein profile during fermentation using different bacterial strains (Seo and Cho 2016; Zhang et al. 2018) that are in agreement with the result of this study on the protein hydrolysis by Lactobacillus plantarum.
DPPH radical-scavenging and ferrozine ion-chelating activity were determined for rapid antioxidant evaluation of fermented soybean meal. In this study, the antioxidant tests showed that fermentation improved the antioxidant properties of soybean meal. Similar to the result in our experiment, Amadou et al. (2011) showed that reducing, radical-scavenging, and chelation properties of soy protein meal hydrolysate increased after fermentation using Lactobacillus plantarum LP6 that was obtained from collection of Jiangnan University (China).
Bioactive peptides can be derived from various protein resources by enzymatic proteolysis, they usually contain 3-20 amino acids, and their activities are related their amino acid composition (Pihlanto-Leppälä et al. 2000) . On the other hand, soybean products are rich in isoflavones as an antioxidant agent; fermented soybean products contain high amounts Fig. 1 The growth curve of RM10 when cultured in broth media for inoculation of soybean of isoflavone aglycones that can be absorbed faster and in higher amounts than glycosides due to the hydrolysis of glycoside forms by microorganisms' enzymes (Handa et al. 2016; Silva et al. 2018) . Okabe et al. reported that food rich in aglycones may improve bioactivity as well as bioavailability.
DPPH is a free radical that becomes a stable product after reacting with antioxidants by accepting a hydrogen atom or an electron from antioxidant compounds. These donate hydrogen from antioxidant to free radicals, leading to inhibition of the propagation phase of lipid oxidation (Jao and Ko 2002) . The result of this study (Fig.2C ) revealed that fermented soybean meal exhibited a significant DPPH radical-scavenging activity (76.254%), whereas the activity of control test was 47.115%. This result showed that fermentation process leads to release of some compounds from soybean meal proteins that could react with free radicals as electron donors to convert them to more stable products which terminate the radical chain reaction.
Moreover, the result of ferrozine ion-chelating activity increased by 38.693% after fermentation process (Fig.2C) . It was reported by Moktan et al. (2008) that Fe 2+ -chelating activity of soy protein meal enhanced after Bacillus-fermentation which was in accordance with our finding. It can be assumed that fermentation with Lactobacillus plantarum RM10 disrupted the structure of soybean meal proteins conducive to trapping and binding of ferrozine ion.
The effects of FSBM on lung biochemical enzyme in septic rats
Results showed that CLP significantly increased malondialdehyde and myeloperoxidase level as compared to the control and LAP groups (P < 0.05). Also, significant change was shown between LAP and control group in level of MDA and MPO. In lung tissue, CLP significantly decreased GSH levels compared to the control and LAP groups (P < 0.05). The results of the present study are in concurrence with the reports of the following two studies (Lingaraju et al. 2015; Gerin et al. 2016) , supporting the idea that CLP can induce lung injury. These studies showed that CLP could increase total protein, nitrite, MDA, and oxidative stress index and reduced the superoxide dismutase and catalase activity in the lungs and plasma, which were restored by betulinic acid pretreatment. Furthermore, our results showed that treatment with FSBM in 5, 10, and 20% administration decreased CLP-induced elevation level of MDA and MPO and enhanced the level of GSH (P < 0.05) (Fig. 3) . MPO is expressed in neutrophils and monocytes during inflammation. It generates reactive oxygen species (ROS) that can oxidatively modify lipids and proteins (Dominguez-Rodriguez and Abreu-Gonzalez 2011) . Lipid peroxidation is one of the consequences of sepsis. It is considered as the main oxidative stress parameter which was increased by the impact of free radicals and MPO increment (Song et al. 2016) . Ozdulger et al. (2003) reported that MPO activity and MDA concentration were increased in lung tissue by sepsis, which is showed the intensity of neutrophil infiltration and oxidative stress condition. Also, there is relation between lipid peroxidation and GSH depletion in sepsis. GSH is considered as an important natural antioxidant system that can deal with ROS production (Zhong et al. 2016 ). The rise in LP level concomitant with diminished GSH level (Fig. 3) indicated the role of oxidative mechanism in sepsis-induced tissue damage (Şener et al. 2005; Coskun et al. 2011) . Studies showed that active peptides with antioxidative and immunomodulatory properties produced during the fermentation process (Korhonen and Pihlanto 2003; Sachindra and Bhaskar 2008) . Moreover, our results are in conjunction with other studies, which showed that CLP could alter the level of antioxidant enzyme in liver and lung tissues, while pretreatment with Rosa damascena and Mentha longifolia essential oils could modulate the level of MPO, GSH, and LP (Dadkhah et al. 2018 (Dadkhah et al. , 2019 .
The effects of FSBM on gene expression
As shown in Fig. 4 , results revealed that the expression of COX-2, MPO, CD177, and NF-κB genes as inflammatory factors increased by LAP and CLP surgery compared with control group. It should be noted that significant elevation was observed between LAP and CLP group (P < 0.05) in all gene expressions. A similar observation was also made in the current study for gene expression of MPO, CD177, and NF-κB ). NF-κB has an important role in the expression of factors involved in inflammation, apoptosis, adhesion, and also immune and stress responses (Giusti et al. 2017) . One study showed that inhibition of NF-κB could be a promising therapeutic target in sepsis (Ding et al. 2009 ). Also, myeloperoxidase is a heme enzyme of neutrophil azurophilic granules that have a strong oxidative activity (Khowailed et al. 2015) . Elevated MPO levels in sepsis can be due to leakage of MPO into the plasma when neutrophil phagocytize bacteria (Kovach and Standiford 2012) . On the other hand, CD177 is expressed by neutrophils, and measurement of CD177 mRNA levels is a useful diagnostic tool for distinguishing some infectious diseases (Demaret et al. 2016; Bai et al. 2017) . As tissue damage, multiple organ failure especially the lungs, sepsis, and death occurred by overproduction of ROS and inflammatory cytokines (Gerin et al. 2016 and LAP group. ** P < 0.05 is significantly considered between LAP and CLP group. *** P < 0.05 is significantly considered between CLP and treated groups. Data are presented as mean ± SD for treatment of lung injury. The result of this study showed that rats in the FSBM treatment groups had a reduction level of gene expression compared with the CLP group (P < 0.05) (Fig. 4) . Therefore, it can be concluded that anti-inflammatory effects of FSBM could be a potential therapeutic agent for lung injury in sepsis.
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